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[57] ~ ABSTRACT

In the electroplated steel sheets for automobile use, the
chipping resistance, water-resistant adhesion, unpainted
corrosion resistance, post-painted corrosion resistance,
and resistance to secular exposure are improved by
superimposing a chemical conversion layer between
electroplated layers of zinc and iron, nickel, cobalt, or
alloys thereof.

12 Claims, 2 Drawing Sheets
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SURFACE TREATED STEEL MATERIAL
- PARTICULARLY ELECTROPLATED STEEL
SHEET

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a surface treated steel
material having a layer of Zn- or Zn series alloy-layer
and/or Zn composite material plated thereon. More
particularly, the present invention relates {o an electro-
plated steel sheet provided with the above mentioned
layer for an anticorrosive protection of an automobile.

2. Description of the Related Arts

The de-icing rock salt sprayed in the winter on roads
in arctic districts causes the corrosion of an automobile
body, and the use of various plated steel sheets for an
automobile body has been considered as an corrosion
control measure. The corrosion of the outer surface of

an automobile body is promoted by the gravel, sprayed
rock salt and the like which are thrown up from the
road surface and impinge on the automobiles traveling
on a road (this impingement is referred to as chipping)
at a speed equal to the running speed of the automobiles,
i.e.,, from 50 to 150 km/hour. The resultant impinge-
ment force is very high and thus the paint coating on the
automobile body may peel off, or flaws reaching the
steel substrate may be formed. Water from melted snow
or the salt in the de-icing material will seep into the
peeled parts or flaws and exert a detrimental corrosive
action on the steel substrate. Accordingly, Zn plated
steel sheets have been employed as a corrosion control
counter measure, since the Zn plating has a strong sacri-
ficial anode effect and thus can satisfactorily protect the
steel sheet from corrosion, even though the flaws reach
the steel sheet. However, when a coating of paint is
applied on the Zn plated layer, as in the case of an
automobile outer panel, the paint bulging referred to as
blistering sometimes forms in the paint coating.

‘The corrosive environments to which the steel sheets
of an automobile are exposed make it necessary to pro-
vide uncoated steel sheets with a corrosion resistance,
and in addition, a corrosion resistance after coating,
including blister resistance, water adherence resistance,
red rust resistance, and flow rust resistance.

These corrosion resistances, which are improved by
the Zn plated steel sheets, are further improved by a
Zn-series alloy layer, such as a plated layer of Zn-Ni,
Zn-Fe, Zn-Co, Zn-Fe-Cr, Zn-Ni-Co, Zn-Cr, Zn-Mn,
Zn-T1, Zn-Sn, Zn-Cu, Zn-Cd, Zn-Pd, and the like, a
multilayer plated steel having a plurality of layers of the
above alloys (1.e., superimposed plated layers of differ-
ent compositions), a steel sheet with a graded plating
layer (1.e., composition of a plated layer varies along the
thickness of the layer), and a steel sheet with a compos-
ite electroplated layer(s) (i.e., particles of oxide, such as
5107, T10;7, AlbO3, and the like, as well as metallic
particles of Zn, Al, Cr, and the like are incorporated in
the Zn plated layer. Regarding the composite electro-
plated layer, Japanese Unexamined Patent Publication
No. 60-38480 discloses a Zn-oxide sol composite, Japa-
nese Unexamined Patent Publication No. 60-141,898
discloses a Zn series alloy-oxide composite, and Japa-
nese Unexamined Patent Publication No. 60-96786 dis-
closes Zn-corrosion inhibiting pigments. The composite
plating with nonmetallic particles is disclosed in Japa-
nese¢ Unexamined Patent Publication No. 61-64899.
However, the particles precipitated and dispersed in the

10

15

20

25

30

35

45

50

33

65

2

Zn or Zn alloy matrix are difficult to dissolve in the
acidic solution and have a size which is not easily solu-
ble.

The above described surface treated steel sheets have
problems, as explained in detail below, in that, depend-
ing upon the intended environmental use of the automo-
biles, a further improvement in one or more of the cor-
rosion resistances 1s needed. |

A. The internal stress of the Zn series-alloy plated or
Zn-composite plated steel sheets is higher than that of
the ordinary electroplated steel sheet of Zn alone. The
adherence of the former plated layer with the steel
substrate (the adherence of the layer with the substrate,
when in direct contact with the substrate, is hereinafter
referred to as the “substrate adherence™) is disadvanta-
geously inferior {0 that of the latter plated layer.

B. Generally, the outer surface of an automobile body
has a three-layer paint coating approximately 100 um in
total thickness and comprised of the cationic ED paint,
the intercoat, and the top coat. The shrinkage stress
generated during the baking of these coats has an affect
on the plated layers, in that the post-coat substrate ad-
herence is inferior to the unpainted adherence.

C. Since the ambient temperature falls to around
—50° C., shrinkage of the paint coating occurs and
multiplies the stress acting on the plated layer(s). This
causes a reduction of the substrate adherence. Note, in
the three layer-coating, there is a drastic lowering of the
substrate adherence upon a fall in the temperature.
When chipping occurs in a plated layer(s) exhibiting a
lowered substrate adherence, the plated layer(s) of the
Zn series-alloy plated or Zn-composite plated steel
sheets 1s disadvantageously peeled off.

D. The adherence of plated layer(s) of the Zn series-
alloy plated or Zn-composite plated steel sheets, in
which the contact and noncontact of the plated layer(s)
with the steel substrate is not taken into account, but
instead, the adherence of plated layer(s) in the above
steel sheets i1s generally considered, is hereinafter re-
ferred to as the “plating adherence”. The plating adher-
ence can be improved by interposing a covering layer
consisting of one or more of Cr, Mn, Fe, Co, N1, Cu, In,
Zn, Cd, Sn, and Pb between the steel substrate and the
Zn series-alloy plated layer, as disclosed in Japanese
Unexamined Patent Publication No. 59-200789. In this
publication, however, the plating adherence is verified
under an extrusion formation (5 Erichsen bulging) of an
unpainted articie at an ordinary temperature, i.e., a mild
condition. The interposed layer does not appear to satis-
factorilly improve the plating adherence under the se-
vere conditions described in items B and/or C. Tetsu to
Hagane (Bulletin of Iron and Steel Institute of Japan) 71
(1985), page 1273, discloses that a layer of one or more
of Fe, Zn, Ni, Cu, and Sn interposed between the steel
substrate and the Zn series-alloy plated layer provides a
satisfactory plating adherence under the conditions of
two coating layers, under the icing point, and in a Du-
pont impact test. However, an improvement in the plat-
ing adherence for a three layer coating appears to be
unlikely.

E. The two-layer coating of Zn-Fe, Zn-Ni, and the
like 1s one of the most effective methods for enhancing
the water resistant adherence of the Zn series-alloy
plated or Zn-composite plated steel sheets, while main-
taining an excellent corrosion resistance thereof. In
such a two-layer coated steel sheet, the lower plated
layer consists of Zn-Fe, or Zn-Ni with a high Zn con-
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centration, and the upper plated layer has a high Fe
concentration. More specifically, Japanese Unexamined
Patent Publication No. 358-58294 discloses a lower
plated alloy layer consisting of Zn-Ni, and an upper
plated layer of Fe or Fe-Zn alloy. Japanese Unexamined 5
Patent Publication No. 59-89785 discloses a lower
plated layer consisting of Zn, Zn-Ni alloy, or Fe-Zn
alloy, and an upper plated alloy layer of Fe-Zn-Cr.
Japanese Unexamined Patent Publication No.
60-131991 discloses a lower plated layer consisting of 10
Zn or Zn alloy, and an upper piated alloy layer of Fe-P.
Since in each of these disclosures the upper layer is a
plated layer of Fe or Fe alloy, the phosphating film
formed in the pretreating phosphating process prior to
the cation ED coating can contain Zn;Fe(P0O4)2.4H>0
(phosphophyllite) crystals in a large amount, thereby
improving the poor water resistant adherence (adher-
ence of paint coating after immersion in warm water)
due to the lower Zn or Zn series-plated layer. When,
however, a water resistant adherence as good as that of 20
a cold rolled sheet is desired, at least 70% of Fe is neces-
sary for the Fe concentration in the upper plated layer,
according to research by the present inventors. On the
other hand, an upper plated layer with such a high Fe
concentration renders the unpainted corrosion resis- 25
tance of the plated layers, as a whole, inferior to that of
the lower single layer.

F. Further, an upper plated layer with such a high Fe
concentration reduces the corrosion resistance after
painting, so that red rust flows from the scribed parts,
although such an upper plated layer is advantageous for
lessening the occurrence of red rust. This appears to be
attributable to a corrosion potential between the upper
and lower layers so great that contact corrosion is liable
to occur, and to an Fe concentration of the upper layer 35
so high that red rusting occurs in the layer itsellf.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
measure which can be applied for solving a problem of 40
a surface treated steel material with a Zn or Zn series-
alloy plated layer and/or Zn-composite plated layer, so
as to enhance a corrosion resistance thereof required for
an intended use.

‘The specific object resides in a provision of a particu-
lar corrosion resistance required for a particular plated
layer structure and intended use of a sirface treated
steel material with a Zn or Zn series-alloy plated layer
and/or Zn-composite plated layer, as described in items
A through F, above.

In accordance with the objects of the present inven-
tion, there is provided a steel material having at least
one main plated layer of the Zn, Zn series alloy, or Zn
composite material, and occasionally, an additional
plated layer, and comprising a chemical conversion
layer beneath any one of the plated layer(s).

The chemical conversion layer herein is interposed
between the upper plated layer of the Zn, Zn series
alloy, or Zn composite material. The chemical conver-
sion layer suppresses the local cell formation between
the layers, in which the chemical conversion layer is
interposed, thereby enhancing the corrosion resistance.

The chemical conversion layer also plays a role of
providing a base on which a plated layer of Zn, Zn
series alloy, or Zn composite material is deposited, and 65
changing a depositing behaviour in such a manner that
the stresses liable to accumulate in the depositing layer
are eliminated or decreased. This provides a further
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improved plating adherence when the Fe, Ni, and/or
Co layer 1s plated on the steel substrate.

Preferably, the thickness of the chemical conversion
layer does not exceed the following upper limit, which
if exceeded, causes the plating on the chemical conver-
sion layer to be become difficult. A preferred upper
thickness of a phosphating layer is approximately 100
mg/m? of P (phosphorous). A preferred upper thickness
of a chromating layer is approximately 100 mg/m?2of Cr
(chromium).

'The chemical conversion layer on the steel sheet or a
plated layer has a function of initial depositing nuclei of
a plated layer deposited thereon. The plated layer there-
fore can be deposited in its original structure but not in
the structure dependent on that of the underlying steel

sheet or plated layer. The stress at the interface between

the steel sheet and a plated layer, or between two plated
layers, therefore decreases, thereby improving the plat-
ing adherence.

In addition, the chromate film is amorphous and the
phosphating film is in the form of a number of projec-
tions on the surface thereof, thereby exhibiting a physi-
cal bonding force due to an anchoring effect, and thus
enhancing the plating adherence.

Furthermore, the chemical conversion layer miti-
gates the impact action upon chipping.

The plating adherence is further enhanced by form-
ing the lowermost plated layer consisting of one or
more of Fe, Ni, and Co.

Since the chemical conversion layer is an insulative
film, it has a function of compensating the potential
difference between the upper and lower layers or sheet.
The corrosion resistance is improved through this func-
tion. A difference in the corrosion potential of the
plated layer of Zn, Zn-series alloy, or Zn-composite
material, and the uppermost plated layer of an Fe-series
alloy for improving the water-resistant adherence is
such that the unpainted corrosion resistnce and post-
painted corrosion reistance are impaired. A chemical
conversion layer interposed between the two plated
layers compensates the corrosion potential, thereby
suppressing the contact type corrosion and thus enhanc-
ing the corrosion resistance. A similar effect is also
realized by interposing the chemical conversion layer
between the steel sheet and a plated layer.

The present invention is hereinafter described with
regard to preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 A, B and C are schematic cross sectional
drawings illustrating the preferred embodiments,

F1G. 2 shows a relationship between the deposition
amount of chromate layer and a corrosion resistance
(expressed by the corrosion weight loss in ratio, in
which the corrosion weight loss of samples without the
chromate layer is taken as a standard and the corrosion
weight loss of samples with a respective deposition
amount of a chromate layer is compared with the stan-
dard to obtain a ratio) with regard to the preferred
embodiment with first plated layer, i.e., the first layer is
a Zn-Ni-Co electroplated layer, and the second layer is
an Fe-Zn electroplated layer; and,

FIG. 3 refers to the same embodiment as in FIG. 2
and shows a relationship between the deposition
amount of chromate layer and the post-painting corro-
sion resistance (red-rust resistance at the cross cut
parts). |



4,853,295

S

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In accordance with a preferred embodiment of the
present invention, a chemical conversion layer is
formed on the steel substrate and the objective layer
then plated on the chemical conversion layer. In FIG. 1
A, reference numerals 1, 2, and 3 denote the steel sheet,
‘the chemical conversion layer, and the plated layer of

Zn, Zn-alloy, or Zn-composite material, respectively. 10

Phosphate or chromate compound deposited in a very
minute amount on the surface of a steel sheet improves
a plating adherence of a plated layer thereon even under
a severe condition. The deposits in a very minute
amount disperse on the surface of a steel sheet in the
form of small islands and act, in the subsequent electro-
deposition of alloy or composite materials, as nuclei
crystallites of an initial precipitation. Phosphate depos-
its have a pyramid form, which is peculiar to the chemi-
cal conversion phosphating, and realizes an anchoring
effect between the steel sheet’s surface and the plated
layer, and thus creates a physical bonding therebe-
tween. This bonding force seems to improve the plating
adherence of plated layer(s) to such an extent that it is
able to withstand the three layer painting, and chipping
after the three layer painting. In addition, the corrosion
resistance is appreciably improved by the intermediate
chemical conversion layer with regard to the steel
sheets with a Zn or Zn series alloy-plated layer and/or
Zn composite plated layer.

A deposition amount of phosphate or chromate for
effectively enhancing the plating adherence and the
corrosion resistance is preferably at least 1 mg/m? in
terms of P or Cr. On the other hand, when the deposi-
tion amount of phosphate or chromate exceeds 100
mg/m2, the subsequent electrodeposition of a plating
layer may be impeded. Regarding the phosphate com-
pounds, a compound of phosphoric acid with one or
more of metals of Zn, Fe, Ni, Co, Mn, Cu, Mo, Sn, and
the like are particularly advisable.

One or more layers of a Zn layer, Zn-series alloy
layer, and Zn-series composite layer is formed on the
chemical conversion layer. The Zn-series alloy layer
that can be formed includes an alloy layer of the Zn-ser-
ies alloy, such as Zn-Ni, Zn-Fe, Zn-Co, Zn-Fe-Cr, Zn-
Ni-Co, Zn-Cr, Zn-Mn, Zn-Ti, Zn-Sn, Zn-Cu, Zn-Cd,
Zn-PH, and the like, a multi-layer of these alloys (super-
imposed plated layers with different components or
compositions), a graded layer (layer with a concentra-
tion gradient in the direction along the thickness), and
the plated layers as above and containing a small
amount of Al, Mg, In, or the like. A preferred content
of alloying element(s) of a Zn-series alloy in the light of
post-painting corrosion resistance is 20% by weight or
less, particularly from 3 to 20% by weight.

The Zn-composite plated layer that can be formed on
the chemical conversion layer includes an electroplated
layer containing water-insoluble particles an oxide(s),
such as 5103, TiO;, Al;03, ZrO;, FeO3, and the like;
carbide(s), such as SiC, TiC, and the like; nitride(s),
such as SiN, BN, and the like; sulfide(s), such as MoS;
and the like; graphite; corrosion-inhibiting pigments,
such as BaCrQy4, SrCrQg4, PbCrQy, and the like; powder
of metal(s) of Zn, Al, Cr, Ni, stainless steel and the like:
metallic particles treated by chromating to make the
layer almost insoluble; and organic particles of phenol,
epoxy resin, and the like, alone or in combination. Pref-
erably, SiOj, TiOj;, AlLO3, ZrQ,, BaCrQg4, SrCrOg4, Al
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powder, and Cr powder are incorporated in the plated
layer, from the viewpoint of corrosion resistance. The
particle size is preferably Su in average diameter, from
the viewpoint of formability of the steel sheets. Taking
into account the comprehensive quality of the corrosion
resistance, the workability and the weldability, particles
finer than 1p are preferable. The average diameter
herein indicates the particle diameter of the particles
distributed at the greatest ratio among the total parti-
cles. A preferred content of particles of a Zn-series
composite material in the light of corrosion resistance is
20% by weight or less, particularly from 0.1 to 20% by
weight. A preferred deposition amount of Zn, Zn-series
alloy, and Zn-composite material in the light of corro-
sion resistance is 5 g/m? or more.

The Zn, Zn-series alloy, or Zn composite plated layer
as described above may be embodied as a multi-layer, in
which the above described components of two or more
plated layers are combined, from the viewpoint of the
objective property, such as the post-painting corrosion
resistance, plating adherence, and the like.

As the uppermost layer for enhancing the water-resis-
tant adherence, an Fe-series alloy plating layer contain-
ing 70% or more of Fe may be provided. By providing
a lowermost plated layer consisting of one or more of
Fe, Ni, and Co, a synergistic effect of this layer with the
chemical conversion layer is generated to the effect that -
a plating adherence 1s further enhanced.

In accordance with another preferred embodiment of
the present invention, on at least one surface of a steel
sheet are formed a first electroplated layer of a Zn,
Zn-series alloy, Zn-composite, a chemical conversion
layer on the first plated layer, and a second electro-
plated layer of an Fe-series alloy containing preferably
at least 70% by weight of Fe.

This preferred embodiment 1s hereinafter referred to
as the preferred embodiment with the first plated Zn
alloy layer.

Referring to FIG. 1 B, in the preferred embodiment
with the first plated Zn alloy layer, a Zn-series alloy
plated or Zn-composite plated layer (lower layer) 3 1s
formed on the steel sheet 1, and a chemical conversion
layer 2 is formed on the layer 3, and subsequently, an
electroplated layer 4 of Fe-series alloy is formed.

Referring to FIG. 1B, a corrosion resistance of multi-
layer plated electroplated steel sheets prepared by the
following method is shown. Namely, a plated layer of
Zn-Ni-Co alloy (11% Ni, 0.39% Co, balance Zn) was
applied at a deposition amount of 20 g/m2, an intermedi-
ate chromate layer with various deposition amounts
was applied on that layer, and subsequently a plated
layer of Fe-Zn alloy (20% Zn, balance Fe) was applied
at a deposition amount of 3 g/m?2. The steel sheets with
a multi-layer plated steel sheets were then subjected to
a phosphating process, followed by a salt spray test for
three days to investigate the unpainted corrosion resis-
tance.

The ordinate of FIG. 2 indicates the corrosion weight
loss-ratio. As understood from FIG. 2, the unpainted
corrosion resistance is high at a chromate deposition
amount of 0.5 mg/m? as Cr or more.

Referring to FIG. 3, the post-painted corrosion resis-
tance of the same multi-layer electroplated steel sheets
as in FIG. 2 is shown. These steels were subjected to a
dip type phosphating process at a deposition amount of
2 g/m?, then to a coating of a cationic ED paint (20u),
an intermediate coat, and a top coat of melamine alkyd
series (each 20u). Cross cuts were then scribed on the
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paint film, followed by a cyclic corrosion test (one
hundred cycles) to investigate the red rust resistance.
As understood from FIG. 3, the red rust-resistance is
improved at a chromate layer deposition amount of at
least 1 mg/m? as Cr. 5

The phosphating layer also improves the red rust-
resistance. This chemical conversion layer interposed
between the upper and lower layers is outstandingly
effective in the case where the upper plated layer is an
Fe-series alloy, such as Fe-Zn, Fe-Zn-Cr, and Fe-Zn- 10
Cr. It appears that the better corrosion resistance of the
Fe-series alloy plating than that of the plated layer of Fe
alone synergistically improves the corrosion resistance
with the interposed chemical conversion layer. A func-
tion of the chemical conversion layer is such that the 15
interface between the Zn series-alloy or Zn-composite
material of the second plated layer and Fe-series alloy
of the third plated layer is made inactive, to compensate
for the potential therebetween. A deposition amount of
the chemical conversion layer is the same as in the 20
above described preferred embodiment, and is prefera-
bly 100 mg/m? or less, more preferably from 1 to 100
mg/m?,

The chemical conversion layer has an ability to miti-
gate the impact upon chipping and, therefore, enhances 25
the plating adherence against chipping to some extent.

In the preferred embodiment now described, the pre-
ferred kinds and compositions of Zn-series alloy, the
preferred kinds and compositions of particles, as well as
the preferred kinds and compositions of particles, as 30
well as the preferred deposition amounts of the Zn,
Zn-series alloy, and Zn-composite materials are the
same as described in the other preferred embodiments.
‘In the preferred embodiment with the first plated
layer, an Fe content of the second plated layer is prefer- 35
ably at least 70%, because the ratio of phosphophyllite
in the chemical conversion film is enhanced and thus
the water-resistant adherence is enhanced. The deposi-
tion amount of the Fe-Series second plating layer is
preferably at least 1 g/m2, since the phosphatizing, 40
which is usually carried out as a pretreatment for cati-
onic ED painting, may dissolve a surface layer at an
amount of approximately 1 g/m?, and if the second
plated layer is dissolved, the water-resistant adherence
1$ impaired. 45

The Zn-series alloy may be, for example, an Fe-Zn-
~ Cr alloy containing from 3 to 29% by weight of Zn and
~ from 0.1 to 1% by weight of Cr, an Fe-Zn alloy contain-
ing from 3 to 30% by weight of Zn, and an Fe-P alloy
containing from 0.01 to 30% by weight of P. 50

In accordance with still another preferred embodi-
ment of the present invention, a covering or first layer
consisting of at least ane deposited metal of Fe, Ni, and
Co i1s formed on the steel substrate, a second plated
layer of Zn, Zn-series alloy or Zn composite material is 55
formed on the covering layer, a chemical conversion
layer 1s formed on the second plated layer, and a third
plated layer of Fe-series alloy containing at least 70%
by weight is formed on the chemical conversion layer.
This embodiment is hereinafter referred to as the pre- 60
ferred embodiment with the first deposited metal and
attains an improved plating adherence under severe
conditions. In FIG. 1 C, the reference numerals 1, 5, 3,

2, and 4 denote the steel sheet, the Fe, Ni, and/or Co
layer, the plated layer of Zn, Zn-series alloy, or Zn- 65
composite material, the chemical conversion layer, and
the plated layer of Fe-series alloy, respectively.
Namely, in this preferred embodiment, the lowermost

8

plated layer of one or more of Fe, Ni, and Co 1s added
to the layer structure of the above described preferred
embodiments, thereby improving the plating adherence
at a low temperature, which is not yet complete in the
above described preferred embodiments. More specifi-
cally, the surface of a steel sheet undergoes the usual
heating, rolling, pickling, and annealing and has, there-
fore, a diffusion concentrated layer of such nonmetals as
C, Si, and the like, and a compound thereon, with the
result that the plating adherence is impeded by the
diffusion. concentrated layer and the like present on the
steel surface. Such impedance is serious in the case of
Zn-series alloy and Zn-series composite material, since
the layer structure is complicated compared with the
plated layer structure of a single metal, such as Zn. The
covering or first layer consisting of at least one depos-
ited metal of Fe, Ni, and Co in accordance with the
preferred embodiment with the first deposited metal has
a simple metal structure and can enhance the plating
adherence of the Zn series-alloy plated or Zn-composite
plated layer, due to the intermediate presence thereof
between the steel substrate and the Zn series-alloy
plated or Zn-composite plated layer. The Fe of the first
layer is the same material as that of the steel substrate,
and the Ni and Co are of the same iron group as the Fe.
These factors appear to give the Fe, Ni, and Co a good
substrate adherence. In addition, the Fe, Ni, and Co
provide a good plating adherence of the Zn series-alloy
plated or Zn-composite plated layer. The steel sheet
having only the first layer is, however, not highly resis-
tant to chipping at a low temperature. It was discovered
that, by applying the first plated layer to the above
described preferred embodiments, a satisfactory plating
adherence is atained even at a hard condition of chip-
ping at a low temperature, due to a synergistic effect of
the first layer and the mitigating effect on the chipping
impact of the chemical conversion layer.

In the preferred embodiment now described, the
preferred deposition amount of the chemical conversion
layer, the preferred kinds and compositions of Zn-series
alloy, the preferred kinds and compositions of particies,
the preferred deposition amounts of the Zn,-Zn-series
alloy, and Zn-composite materials, as well as the pre-
ferred deposition amounts and composition of the Fe-
series alloy, are the same as described in the other pre-
ferred embodiments. A preferred deposition amount of
the first plated layer in the light of plating adherence is
0.01 g/m? or more, particularly from 0.01 to 2 g/m?.

As the chemical conversion layer of the above de-
scribed three preferred embodiments, a chromate, phos-
phate, molybdenate, oxalate, titanate, or tannate layer is
effective, but the chromate and phosphate layers are the
most effective. The chromating and phosphating
method may be any of the ordinary methods, such as
the electrolytic method, dip method, spary method.
Particularly, the electrolytic method is desirable, since a
uniform deposition is attained by this method.

The method for producing a plated steel sheet ac-
cording to the present invention is hereinafter de-
scribed. This plated steel sheet can be obtained by sub-

jecting a steel sheet to a pretreatment by an ordinary

degreasing (dipping, spraying, counterflow or electro-
lytic method with the aid of a degreasing agent such as
strong alkali, weak alkali, solvent, or the like) or ordi-
nary pickling (dipping, spraying, counterflow or elec-
trolytic method with the aid of a pickling agent such as
sulfuric acid and chloric acid), and then to a successive
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application of layers, such as a chemical conversion
layer and a Zn-series alloy plated layer.

The bath for electrolytic chromating contains, as a
main agent, CrO3, and, as auxiliary agent, chromate of
Cr3+, Zn2+, Fe2+ Ni2+, and Mn2+, as well as sulfuric
acid, hydrochloric acid, and nitric acid. In such a bath,
the chromating is carried out at a bath temperature of
from 30° to 50° C., a current density of from 2 to 30
A/dm?2, and a flow speed of from 1 to 10 m/min. The
concentration of the main component, i.e., CrOs3, 1s
from 10 to 50 g/1. After the electrolytic chromating, the
water rinsing is carried out at ordinary temperature but
is preferably carried out by using hot water with a tem-
perature of from 90° to 100° C. After the water rinsing,
heating to a temperature of from 50° to 300° C. may be
carried out.

The bath for electrolytic phosphating contains, as a
main agent, Zn2+, Fe2+, Ni2+, Mn2+, Na2+, K!+, salt
of HPO42—, HyPO4s—, HPO3—, as well as, as an adjust-
ing agent, sulfuric acid, hydrochloric acid, phosphoric
acid, caustic soda, and caustic potash. In such a bath,
the phosphating is carried out at a bath temperature of
from 20° to 60° C., a current density of from 2 to 200
A/dm?, and a flow speed of from 1 to 100 m/min. The
concentration of main components in the bath 1s from 10
to 200 g/1.

The bath for electroplating a Zn-series alloy contains,
as a main agent, chloride, sulfate, borofluoride, or sulfa-
nate of Zn2+, Fe2+, Ni2+, Co2+, Cré+, Cr3+, Mné+,
Ti2+, Sn2+, Cu2+, Cd2+, and Pb2+. In such an electro-
plating bath, the plating is carried out at a pH of from
0.5 to 13.5, a bath temperature of from 20° to 70° C,, a
current density of from 10 to 300 A/dm?, and a flow
speed of from 10 to 300 m/min. The concentration of
main component(s), i.e., Zn?+, Fe?+, Ni2+, Co?+,
Cré+, Cr3+, Mn2+, Ti2+, Sn2+, Cu?2+, Cd?+, Pby 4, is
from 30 to 100 g/1. By adjusting the proportion of the
main agents it is possible to vary the electrodeposition
ratio of Zn2+, Fe?+, Ni2+, Co2+, Cr6+, Cr3+, Mn2+,
Ti2+, Sn2+, Cu2+, Cd2+, and Pb2+, in an electroplated
layer.

In the plating of Zn-series composite material, water-
insoluble particles, which may be any one of colioid,
sol, and powder, are incorporated into the plating bath
of metallic Zn or Zn alloy. When the particles are an
organic compound, the surface active agent should be
added to the plating bath. The plating of the Zn-series
composite material is carried out at a pH of from 0.5 to
5, a bath temperature of from 30° to 70" C., a current
density of from 5 to 300 A/dm?, and a flow speed of
from 10 to 300 m/min.

The plating bath may have a vertical type- or hori-
zontal type-structure. The current source of plating

may be a direct current source. The pulse current

source or superimposed, direct current and alternating
current source, by which the cathode electrolysis 1s
made high, can be used without particular hindrance.
When a multilayer of the composite material is formed,
the separate baths are settled for forming the respective
plated layers, so that the concentrations of main agents
are different from one another. The multilayer are suc-
cessively formed in the respective baths. When the
graded layer is formed, the multiplayer plating method
is carried out in such manner that the current density in
each bath is different.

The bath for electroplating an Fe-sertes alloy con-
tains, in the case of Fe-Zn alloy, as a main agent, chio-
ride, or sulfate of Zn2+, Fe2+, and, as an auxiliary
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10
agent, chloride, sulfate, or borofluoride of K, Na, NHg,
Mg, Al, and the like, as well as, as a pH-adjusting agent,
an acid such as sulfuric acid, hydrochloric acid, and the
like, and carbonate of Na, Mg, Sr, and the like. In such
a bath, the plating is carried out at a pH of from 0.5 to
3.0, a bath temperature of from 30° to 70° C., a current
density of from 50 to 300 A/dm?, and a flow speed of
from 10 to 300 m/min. The concentration of main com-
ponent(s), i.e., Zn2+, and Fe2+, is from 70 to 100 g/1 in
total. The proportion of Fe2+ to Zn?+is 100~ 10:1. The
electroplating of the Fe-Zn-Cr alloy can be carried out
by a plating bath, to which a chloride or sulfate of
Cr3+ is added in such a concentration that the Cr3+ is
from 1/10 to 1/100 relative to the Fe2+ concentration.

The electroplating of an Fe-P alloy can be carried out
by a plating bath, to which a phosphite or hypophos-
phite of a nonmetal, such K, Na, NHj is added, and
having a concentration such that the P is from 1/10 to
1/1000 relative to the Fe2+ concentration.

Regarding the electroplating of Fe, Ni, or Co alone,
or two or more of these metals, the main agent as chlo-
ride or sulfate of Co, in the case of electroplating of Co
alone, and the auxiliary agents as chloride, sulfate, or
borate of K, Na, NH4, Mg, Al, and the like are used. In
addition, pH-adjusting agent, such as acid, e.g., sulfuric
acid, hydrochloric acid, or carbonate of Na, Mg, Sr,
and the like are used to adjust pH to 0.5 to 3.0. In such
an electroplating bath, the plating is carried out at a
current density of from 10 to 300 A/dm? and a flow
speed of 10 to 300 m/min. The concentration of the
main component, i.e., Co?+, is from 30 to 100 g/1. The
single plating other than Co can be obtained as above by
substituting Co2+, for Fe2+ or Ni2+. The plating of
two or more metals can be obtained by appropriately
mixing the respective main components in the identical
bath. |

The plating bath may have a vertical type- or hori-
zontal type-structure. The current source of plating
may be a direct current source. The pulse current
source or superimposed, direct current and alternating
current source, by which the cathode electrolysis is
made high, can be used without particular hindrance.

The plated layer structures as described above need
not be applied to both sides of a steel sheet but may be
applied on only one side thereof, in accordance with the
intended use. The side of a steel sheet on which the
layer structure according to the present invention is not
applied may be the steel surface as it is, or may be the
side provided with another layer structure, for example,
a Zn-series alloy plated layer having an organic coating
thereon.

The steel substrate to which the surface layer accord-
ing to the present invention is applied is usually a soft
sheet sheet finished by dull rolling. A bright finished
soft steel sheet, a high tensile steel sheet containing a
large amount of Mn, Si, P, and the like, a high corrosion
resistant steel sheet containing a large amount of Cr, Cu,
Ni, and the like, and steel materials in miscellaneous
forms such as a rod, bar, pipe, and the like, can be used
as a substrate material according to the present inven-
tion.

EXAMPLE 1

The various electroplated steel sheets according to
the present invention and the steel sheets plated by the
methods other than the present invention were sub-
jected to the three layer-coating process for automobile
and to the evaluation test of the plating adhesion under
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chipping at a low temperature, and then to the evalua-
tion test of the plating adherence, low temperature,
unpainted corrosion resistance, water-resistant adher-
ence, and post-painting corrosion resistance.

Table 1 shows the paint coating conditions, testing
conditions, and evaluation criterions.

Tables 2 (A) through 2 (D) correspond to the pre-
ferred embodiments with a chemical conversion layer
between the steel sheet and the plated layer. Specifi-
cally, in Table 2 (A), a layer structure with a chemical
conversion, chromating layer, and a main plated layer
of Zn-series alloy plating; in Table 2 (B), a layer struc-
ture with a chemical conversion, chromating layer, and
a main plated layer of Zn-series composite material
plating; in Table 2 (C), a layer structure with a chemical
conversion, phosphating layer, and a main plated layer
of Zn-series alloy plating; and in Table 2 (D), a layer
structure with a chemical conversion, phosphating
layer, and a main plated layer of Zn-series composite
material plating 1s shown.

In Tables 2 the samples marked with an asterisk are
comparative, and the other samples are of the present
invention.

Treatments

of Samples

Testing
Method

Evaluation
Criterion

10

15
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The samples 1, 2, 3, 20, 22, 24, 26, and 28 in Tables 2
(A) and 2 (C), and samples 1, 2, 3, 19, 21, 23, 25, and 27
in Tables 2 (B) and 2 (D) do not have the chemical
conversion layer, and thus exhibit a poor (X, A), plating
adherence, unpainted corrosion resistance, and post-
painted corrosion resistance. Contrary to this, the sam-
ples according to the present invention exhibit an im-
provement in any of the plating adherence, unpainted
corrosion resistance, and post-painted corrosion resis-
tance (A and o marks). The samples 4 and 7 in Tables 2
(A), (B), (C), and (D) have a small deposition amount of
the chemical conversion layer and, therefore, exhibit a
poorer corrosion resistance (A mark and the like) than
the other samples according to the present invention.
The samples 21, 25 in Tables 2 (A) and (C) as well as
samples 22, 24, 26 in Tables 2 (B) and (D) have as the
upper layer an Fe-rich Fe-series alloy plated layer and,
therefore, exhibit an improved water-resistant adher-
ence (0 mark). The samples 27, 29 in Tables 2 (A) and
(C) as well as sample 28 in Tables 2 (B) and (D) have as
the lower layer an Ni or Co plated layer and, therefore,
exhibit a further improved plating adherence (o mark).

TABLE 1

(1) Size of samples: 0.8 mm X 70 mm X 150 mm

(2) Chemical conversion treatment: Dip type zinc
phosphating

(3) ED coating: cation type-film thickness 20 u

(4) intermediate coating: alkyd type film thickness
40 .

(5) top coating: melamine alkyd coating film thickness
40 p

1. Plating Adherence (Chipping test at low
temperature)

Samples, which have undergone the top coating
treatment (5), are subjected to a chipping test at a
low temperature |

(a) chips: 300 graves for road 0.5~ 1.0 g/ptece

(b) chipping: the above chips are impinged on
samples cooled to —50° C. at a speed of 150 km/h by
means of high pressure air.

2. Unpainted Corrosion resistance Samples which have
undergone the chemical conversion treatment (2) are
subjected to salt spray test (JIS 22371) for 3 days.

3. Water-resistant adherence
Samples, which have undergone the top coating
treatment (5), are subjected to an immersion test in
distilled water at 40° C. for 10 days.

4. Post-painting corrosion resistance

Samples, which have undergone the top coating
treatment (5), are scribed to form cross cuts and
then subjected to the cyclic corrosion test for

100 cycles.

(a) Salt spray JIS-Z2371

6 hours

(b) Drying 60° C. 6 hours

(c) humid RH95%

40° C.

6 hours

(d) Cooling —20° C. 6 hours
Adherence of plating

Under above low temperature-chipping
(a) peeling of plating at 1% or more of sample’s
surface area - x failure

(1)

(b) peeling of a plating at less than 1% of sample’s
surface area - A slight failure
(c) no peeling of plating - o good



(2) Uﬁpz;irited Corrosion resistance. Standard is determined

3)

(4)

4,853,295
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TABLE 1-continued

for a sample which has the same composition and
deposition amount as the sample to be evaluated but
does not have a chemical conversion layer.

The corrosion weight loss of a sample to be
evaluated is compared with the standard sample, to
obtain a ratio.

Ratio of less than 0.4 - o

Ratio of 0.4-less than 0.9 - A

Ratio of 0.9 or more - x

Water resistant adherence

Hundred squares 2 mm on each side. Number of
squares peeled by a tape 0/100 - 0

less than 5/100 - A

5/100 or more - x

Post-painting corrosion resistance

Red rust resistance at cross cut parts

minute flowing rust - good

large flowing rust - poor

Blister resistance at cross cut parts

maximum blister width of less than 3 mm - good
"3 mm or more - poor

Comprehensive evaluation

both good red rust resistance

and blister reststance - o

either resistance poor -A

both resistances poor - x

30
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EXAMPLE 2

The process of Example 1 was repeated, unless other-
wise specified.

Tables 3(A) through 3(D) correspond to the pre-
ferred embodiment with a chemical conversion layer
between the lower layer of the Zn-series alloy plating or
Zn-series composite material and the upper Fe-series
plated layer. Specifically, in Table 3(A), a layer struc-
ture with a chemical conversion, chromating layer, and
a lower plated layer of Zn-series alloy; in Table 3(B), a
layer structure with a chemical conversion, chromating
layer, and a lower plated layer of Zn-series composite
material; in Table 3(C), a layer structure with a chemi-
cal conversion, phosphating layer, and a lower plated
layer of Zn-series alloy; and in FIG. 3(D), a layer struc-
ture with a chemical conversion, phosphating layer, and
a lower plated layer of Zn-series composite material are
shown.

In Tables 3(A), 3(B), 3(C), and 3(D) samples marked
with an asterisk are comparative and the other samples
are those of the present invention.

The comparative samples Nos. 1, 6, 10, 33, 37, and 39
of Table 3(A), Nos. 1, 6, and 10, 25 of Table 3(B), Nos.
1, 6, 10, 33, 37, and 39 of Table 3(C), and Nos. 1, 6, 10,
and 25 of Table 3(D), do not have a chemical conver-
sion film, and thus the plating adherence, unpainted
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corrosion resistance and the post-painting corrosion
resistance, particularly red-rust resistance, are poor.

Contrary to this, the samples according to the present
invention exhibit an improvement in any of the plating
adherence, unpainted corrosion resistance, and post-
painted corrosion resistance (A and o marks). The sam-
ples 2, 30, and 35 in Tables 3(A), and 3(C), and sample
2 1 Tables 3(B) and 3(D) have a small deposition
amount of the chemical conversion layer and, therefore,
exhibit a poorer corrosion resistance (A mark and the
like) than the other samples according to the present
invention. The sample 21 in Tables 3(A) and (C) and
sample 14 1n Tables 3(B) and (D) have a small deposi-
tion amount of the lower plated layer and, therefore,
exhibit a poorer post-painting corrosion resistance than
the other samples according to the present invention.
The sample 24 in Tables 3(A) and (C) has only a small
amount of alloying element in the lower plated layer
and, therefore, exhibits a poorer post-painting corrosion
resistance than the other samples according to the pres-
ent invention. The sample 26 in Tables 3(A) and (C),
and the sample 17 in Tables 3(B) and 3(D) have a small
deposition amount of the upper plated layer and, there-
fore, exhibit a poorer water resistant adherence than the
other samples according to the present invention. The
samples 30 and 31 in Tables 3(A) and (C), and the sam-
ple 21 in Tables 3(B) and 3(D) have a small Fe content
of the upper plated layer and, therefore, exhibit a poorer
water resistance adherence than the other samples ac-
cording to the present invention.
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EXAMPLE 3

The process of Example 1 was repeated, unless other-
wise specified. |

Tables 4(A) through 4(E) correspond to the preferred 5
embodiment of the layer structure, that is, the first, Fe,
Ni, or Co plated layer, the second plated layer of Zn-
series alloy or Zn-series composite material, the third,
Fe-series plated layer, and the chemical conversion
layer between the second and third plated layers.

In Table 4(A), the Zn-series electroplated layers are
shown with regard to the examples of the second plated
layer of Zn-Ni-Fe-Co alloy and the third plated layer of
Fe-Cr-Cr alloy.

In Table 4(B), the Zn-series electroplated layers are 15
shown with regard to the examples of the second plated
layer of Zn-Ni-Co alloy and the third plated layer of
Fe-Zn alloy.

In Table 4(C), the Zn-series electroplated layers are
shown with regard to the examples of the second plated 20
layer of Zn-Ni-Co alloy and the third plated layer of
Fe-P alloy.

In Table 4(D), the Zn-series electroplated layers are
shown with regard to the examples of the second plated
layer of Zn-Ni-Fe-Co alloy and the third plated layer of 25
Fe-Zn, Fe-Zn-Cr, or Fe-P alloy.
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In Table 4(E), the Zn-series electroplated layers are
shown with regard to the examples of the second plated
layer of various Zn composite alloys.

The comparative samples Nos. 4A-1,4B-1, 4C-1, and
4E-1 do not have the first and third plating layers and a
chemical conversion layer.

The comparative samples Nos. 4A-2, 4B-2, 4C-2, and
4E-2 do not have the first plated layer and a chemical
conversion layer.

The comparative samples Nos. 4A-3, 4B-3, 4C-3, and
4E-3 do not have the third plated layer and a chemical
conversion layer. |

The other comparative samples do not have a chemi-
cal conversion layer.

In these comparative samples, the evaluation of the
unpainted- and post-corrosion resistances.are poor.

Contrary to this, the samples according to the present
invention exhibit an improvement in any of the plating
adherence, unpainted corrosion resistance, and post-
painted corrosion resistance (A and o marks). The sam-
ples 10, 11, 12, and 13 in Tables 4(A), 4(B), and 4(C),
and samples 1 and 2 in Tables 4(D), and samples 9, 10,
11, and 12 in Table 4(E) have a small deposition amount
of the chemical conversion layer and, therefore, exhibit
a poorer corrosion resistance (A mark and the like) than
the other samples according to the present invention.



4,853,295

10 8a

0 O 0 0 O 10 ¢l ¢t ‘ 0t S0 9« 10 Ot pPpElD) 00f 0 0 80 t¢—
O O O 0 0 t0 $C S'1 " t'iy S0 ¢ 10 0c - | 86 1 90 <C—
0 0 O O 0 81 07 " P8¢ +0 LT 10 0¢ — 0 86 ¢ L0 IC—
wijtg
o o O O 0 $0 6 0FC JIEWOIYD) 0 4 10 6 [0 ¢l — [4 86 O ¢l 00—
O 0 0 0 0 ¢0 0C 0Ot ' 0¢¢ <CO ¥+1 10 01 — 0 0 001 Ot 61—
Wiy
O O O 0 0 90 B8l 61 areydsoyd LAY 10 8 10 Ob - 0 001 O S0 81—
ad LS |
0 0 O 0 0 O SI 07 JBUIOIY]) 0<l ¢cO it 10 9 — 0wl 0 0 YO LI—
0 0 0 0 0 T0 6¢ 0OF ' $08 S0 61 10 Gl — 0l 0 0 8t'g 91—
wdg
O 0 G O 0 60 v+ 07 teydsoyq 091 <0 ¢ 10 T4 = 0l 0 0 <0 SI—
Ul —
O O 0 O 0 L0 LT O¢ SJEWOIYT) 0°S6 (0 ¢l 10 Ot — i 0 0O SI10 $1—
\ O \Y O g 10 ¢C¢ 0% " PO t0 01 10 0¢ aojiify 00t 0 0O 0c¢ tl—
wiitg aon
v O \% 0 0 t0 0¢ 01 oreydsoyq <10 t0 9 10 0l wiojury 00f 0 0O t00 Z1-Vy -U2Al]
urg
v O \Y O 0 00 ¢ 001 oreydsoy 800 0 ¢t 10 0¢ " 0wt 0 0O St 1i—
. bl L uon
\Y C Y O 0 0§ s¢ 07 Sl 00 Of ¢l 10 0¢ ” W 0 0 0¢C Ol—  -uaAl]
X 0 X v=X 0 60 0C 0% — — $§0 T 10 Ov ” 00r 0 O 800 6—
X 0 X v~X 0 01 ¢t 0OF — — 001 0¢ 10O Ot y 6wl 0 0 §00 38—
X \Y X v=—=X 0 ¢0 ¢ €0 — — 0C 01 10 6l y 01 O 0O £t0 L—
X 0 X v~=x 0 L0 8l 07 — — 01 €1 10 t ' Wl ¢ O <0 9—
X 0 X V=X 0 90 St 0°¢ — — S0 st 10 Ol 0" 01 o 0. 1000 S$—
X \Y X V—~X 0 80 0C S0 — — €0 8 [0 Ot " 001 0 0O {00 v—
X \ X V—X — - 10 6 [0 0c " 00t 0 O 10 ¢t—
X 0 X X 0 I ¢C 0t — C— g0 <7 10 0¢ " — - - — JAN
, -vred
X \Y X X — — <0< 10 0c uaojiuy  — - — IV  -Wo)
Joue U3 duesisay oUW g Iy uz ,w/3 pursj /3w oD IN 94 (;w/3) Aeqjo 0D IN 94 (;w/3) "ON
-1SIS9Y -IYpPY  UOISONIOD  -IPY (%% IM) unowy junowry U7 uey) 19ylo (9 im)  julipein (% 1M) junowy
uois we  payueduy  Suneld 3 ueysr  wOINS | UOI1iS (Shiudwidf jo Junouwry  uonen uor) uonis
-0110)) -151S9Y 13410 -oda(y -oda(y uoOnenUaIdUC))  UOIIS -U22U0)  -BIJUIDUO)Y -oda(g
dunuied  19)epM {s)uour . w([1,] UOISIDA 19Aey Junejd puooag I2Ae]
1504 -3IH Jo -Uo.) [BOIWRYD) gunely
uonenjeAs uonen
-U3aouo0)
19Ae

Juneld pIyL
(V) + A1dV.L



46

4,853,295

45

@ Q O

o Q

c O

Q

wh b M o e M M i < <

X

20UR

-151S9Y
uols
-0410D)
gunyured
-150d

0 00

Q 0

Q Q

o

O<«fq4 OO0 O 00O

\Y
clalite)

~1I9YPV
jue

-1S1S9)
INTM

Q9 Q

Q

Q

M o M oM oM ¥ o ] <} < 3

X

AOURISISIY
UOISOLI0))

Q O

o Q

Q

0
V—X
vV~X
V~—X
V—X
V—X
VX
V—X

X

X

Fo0U2
-13YpY

pajuieduny  3uneld

i
i
H
widg
a1eUIoIYD)

i
areydsoyyg
Wiy
jeWOIYD)

i g
ateydsoy ]
iy
91RO
wyty
ajeydsoyd
ud
ajewoIy))
]
ayeydsoyd
e L=
ajeuwIoIyD

i

—

put

1Y 4
tiv
P8¢

£t
0°¢<

Vel

07l
508

091

0°¢6

tv O

10

800

W
<
S

e [} s B e Y i S0 et I e Y e

0

U/ 3ul
junowy
uonIs
~oda(q

['0 8«
0 9« O Ot
s0 <1 0O 0¢
Yo L1 O 0¢
10 6 0 Gl
ALV I 4 B ]
10 8 0 Ot
¢o0 It O 9
0 61 O ¢l
<0 v 0 ¢<
(o<t 0O Ot
t0 01 O 0¢
<09 0 01
(0o ¢1 0O 0¢
01 €1 O 0§
¢0 ¢ 0 Oov
001 0¢ O Ot
0c 01 O ¢i
ot €1 O t
S0 ST O Ol
<0 8 0 Ot
10 6 0 0¢C
£E0 ¢t O 4[4
<0 11 O 0c
00 IN 24  (u/3)
uz ueyj B0 (% M)
(suswz[g jo unowy
UorjeuUIdU0))  UOoINS

0 0 71 st
0 0 ¥ ¢1
0 0 381 0¢
0O 0 o6 0T
0 0 07 0Ot
0 0 81 ¢
0 0 ¢I 0¢
0 0 67 0V
0 0 ¥ 0°¢
0O ¢ L1 Ot
0 0 ¢6¢ 0¢
0 0 07 01
0 0 t 00l
g 0 09 0¢
O 0 0T 07V
0 0 ¢ 0F¢
0 0 ¢ TO
0 0 8t 0¢
0 0 ¢Si 07
g 0 0C SO
0 0 ST 0¢
d 1 uz w3
(% M) junowy
o, uet)  HONIS
121110 -odog
(shuau
-ofd JO
uorjer;
S iEhlilvg
19A%e]

Juneid pIYL

Wi UOISIaA
-uoy) [eo1way)

() + H19V.L

pepeiy Q01 O O 30
” [ 86 1 90
v 0 86 € Lo
i N ma O N-.H
T 0 0 00] 01
' 0 00t O ¢0
Y 001 0 O vo
' 060of 0 O 810
Y 0ot O O ¢0
' 0t 0 0 ¢10
ugojiufy 00 O O 0¢
‘" 060f 0 O t00
Y 00r ¢ O ¢l
y Wi 0 0 0T
' 01T 0 O 80°0
‘" oo1 0 O c00
y 0601 0 O €0
y 0wlr 0 ¢ <0
' 0l 0 0 1000
' 00t o0 O 100
1 0t O 0 10
r o - - G
wojuy  — 0
pAeTJo 0 IN 3 (w/3)
jorpe1n (% ) junowy

uonen uon oS
-u3ou0)  ~eNUIDdUOD -oda(g

12Ae]

Joke] Sune[d puodas

Fupeld 1S4

tC—
—
| KA

0C—
61—

81—

LI—
91 —

¢l—

vi—

ti-db

[4 S

11—

uon
~UIAU]

uon
-UDAU]

AN
-g1ed
-0



4,853,295

47

Q

Q Q

e <] <] <]

X

doue
-)S1S9Y
uots
-0110))
dunured
-1504

o Q

C Q

Q0O

o

O« OO« ©Q O Q

\Y
20U2

-19YpY
jug

~1S1S9Y
1918 M

o Q

QO O

Q ©C

v M o o M oM oM M & <«

X

30UB}SISY

UOISOI110))
pajyuiedun)

o QC

>

Qo Q

Q

O
V—X
V—X
V~—X
VX
V—X
Vv—X
V—X

X

X

U2

~ 1PV
gunely

[0 8«
010 0 ¢%¢ " 0sy S0 9% 10 0t PePeID Q01 O O 80 £€C—
6v 0 0 &1 y ¢y S0 2 10 0¢ y | 86 | 90 TT—
3¥¢0 0 0T " P8 +v0 LT 10 0z y 0 86 ¢ L0 17—
g
L0 0 0T arewoIyD kvt 10 6 10 Gl ' [4 86 0O <1 0T
Y 0 0 0Ot ” 0t T0 ¢¥I 10 Ol “ 0 0 001 01 61—
wig
tC1 6 0 ¢ ajeydsoy PeEL 10 8 [0 4 y 0 001 O S0 81—
WL
8000 0 0T SjewoIYT 0c1  T0 11 10 9 y 0ol ¢ O vo LlI—
0S¢0 0 OV ' 08 €S0 61 10 ¢l ¥ 0ot 0 O 810 91—
WL
et 0 0 0°¢ areydsoyq 091 20 ¢ 0 4 y 00 0 O 0 Si—
WLy
8900 0 O¢ S L e 0¢6 10T IO 0t y 001 0 © IO ¥i—
R L2
€e¢c 0 0 0OF areydsoyd €0 €0 01 10 114 agojiuny 001 0 O 0T tI-OF
W4
o0 0 01 21eWOIY) S10 <0 9 10 01 ' i 0 0 t00 CI—
Wil
¢ 0 O 00l aeydsoyq 800 o< 0 14 ' 01 0 0 ST 11—
W
96t 0 0 0T 21eWOoID) 00 o1 ¢t 0O 0§ y 0r 0 0 0T 01—
LS1T0 0 0% — 0 S0 ¢ 0 v ’ o 0 O 800 6—
L1 0 0 0OF — 0 001 0¢ O Ot ” o0r 0 o 00 8—
6100 0 T0 — 0 0C 01 O ST ’ 0r o0 0O €0 L—
¢l 00 0 07 — 0 o1 €I O 3 ” Wi 0 0O <0 9—
8800 0 07 — 0 0 §1 O Ol y 01 0 O 1000 S—
S0 0 0 €0 — 0 <0 8 0 0t ” 0i O O 100 v—
— — — 0 = 0 10 6 0 0¢ ' Wi o0 0 1’0 £—
8000 0 0Of — 0 £E0 ¢ O 114 y — 0 T—
0 — 0 ¢co It 0o 0¢ wrojiur) — 0 I-OF
d 1 uz ;u/3 puryj /8w o) IN a4 (u/d) mwheqyo o) IN 34 (pu/) ON
(2, 1m)  jJunowy unowy  uZ ueyi 1o (95 M)  julIpeIn) (2 1M) junowyy
94 ueyt  wOmMis uoIs (shiuourd|g JOo unowry  uoijel) uor uonIs
I9Y10 ~-oda(g -odo(@ UOHBIIUIDUOD  UOIIS  -UIDUC)  -BIIUIOUO)) -odacy
(s)jusuu wIfl,f UOISISA 13Av] dunejd puoodg 194 ]
-1 Jo -B0J) [eoIuIYD duneld 15114
uonen
-U32u0y
10Ae

Juned payL

(D) ¥ J19e L

uon
-UDAU]

uot]
~UaAUJ

IAT)
-p1ed
-Wwo)



S0

4,853,295

49

el L |
aew
0 0 0 0 0 0 ¥C v -0y §°9¢ 0 0 0 0 0 sl O 0 0 0 L1 " 0 866 C0 meuc
0 0 0 0 898 0 0 67¢ " 86t 0 0 0 10 s006 <0 ¢ ¢sl 10 O (43 7y 00t 0 0 10
0 O 0 0 0 S10 87 ¢l Y £ 91 0 0 0 100 O 0 0 00 <8 100 81 Y 0 0i O 6L0
0 0 0 0 0 960 tI L¢ ' 8L 00 O 0 0 0 0 0 €C0 L6 SO0 09 ' 0 0 001 960
Wil
ayeyd
O 0 O 0 860 O 0 ¢¢t Soyd 00¢ 1’0 8¢0¢ €10 970 080 860 Ov0 LCO <¢CI SO ot ' 001 O 0 [AN1
0 O 0 0 0 0 0¢ 61 y 0'sC 0 0 0 0 0 ¢Sl O 0 0 0 81 " 0 666 10 mﬁa
0 0 0 0 800 O 0 ¢7¢ " 0¢l 0 0 0 10 Ss00 <00 O ¢s1 10 O Ot ‘" 0 001 O 10
Wit
=33:1)1
0 O O O 0 0 8¢ 81 -0 67 0 0 0 00 O 0 0 ¢00 ¢8 100 Sl ' 001 O 0 8L0
et LG |
ayeyd
\Y o \Y 0 0 S1I'0 91 97 -S04d 890 100 0O 0 0 0 0 0 £tC0 L6 SO0 07 ” 0 00t O 1290
Wit
Jjew W10}
v O \Y 0 0 0 i< It oIy §°0 100 100 700 €00 %00 TO0 06 LT0 TU ¢£0 07 Uy 0 0 001 ¢10
aoue 0Ud Joue 0UD d 1D uz ;w3 puryy w/3w Pd PO 1O u§ 1. AN 1D 0O IN 24 (yw/8)  3Ae] . oD IN o4  (;w/8)
-1S1S3Y Y -ISISAY  -IYpPVY (2 M) JUNOWY junoury (% IM) junowyy Jo (%, 1M) junouwy
uoIs -PY uoIs aur 3 ueyy uoIs HOINS ur7 ueyl Isy)o uorIs Jus1p uot) uoInIs
-0100) jue -OLI0Dy IRl d 12410 -oda(g -oda(g (s)juawId]yy JO UOIRIIUIDUOD) -odaq -RI0) gAtlithlilug -odaq
Fur 151s  pajuted (s)1uou T W] UOISI9A uon 19Ae]
-jujed -y -Uuf] -31g Jo -UQ)) [edTWwAYy -2} duneld 1514
1504 INEM uoen -Ua0
T uoneneAy -HaOU0)) ~uoD)
REY.Ch| T 12K Junelj puodas

Suned piyL

(A AT19VL

NI.I._

i-arv
‘ON



AN

S2

4,853,295

o1

X 0 X vV~X 0 0 Sl € — — y 17 0T 001 O 0 1'0 92 -ededwo))
wtg
0 0 0 o 0 0 o sreydsoyd 3 [V %¢ 1Z 0T 001 0O 0 1'0 ST
o 0 0 o 0 0 ¢l € " € 1D %1 2 %0Z 0T 0 001 © 70 ¥
0 0 0 0 0 0 Sl ¢ " € onyderd 94 IN 201 0T 0 0 001 1'0 €T
0 o 0 0 0 0 Si O¢ iy € rQ1Ded %¢ IN %01 02 0 001 O 10 T
0 0 0 0 0 0 Sl 0¢ y £ OIS %S IN %01 0T 0 00l ¢ 1'0 1C
uiglg
0 0 0 O 0 0 0C ¢S] ewoy) 06T tOUVY %E 1D %10 -0D %S 0T 0 866 TO ¢'1 02
I %10
0 0 0 0 0¢ 0 0 O¢ N 00y YOI1D9d %1 - IN %11 -9 %T QT 001 O 0 0T 6]
0 0 0 o 0 10 67 01 " 091 tOUV %1 9D %] - 34 %S1 O 0 00l O C0'0 81
v O 0 O 0 €0 Ol O¢ " 0'8L COIL %1 IN %21 ~9d %1 02 0 0 001 €0 LI
Iy
o 0 0 v I 0 0 S°¢€ areydsoyg 00§ vO1Deg %t IN %Z1 0T 001 O 0 0 91
0 0 0 o 0 0 ¢i 0 " 0'ST OIS %T IN %21 0T 0 666 10 100 SI
O 0 o O 00 O 0 0¢ y 0°¢S1 COIZ %S °od %ST1 0C 0 00 0O 100 ¥I
W
v 0 O 0 0 0 0f 07T eWOIYD ST OIS %S 2 %ST 0T 001 O 0 10 €1}
Wil
v o \v 0 0 0l € €T s1eydsoyg 80 COLL %€ 0D %E€0-IN %11 0T 0 001 O 20 Tl
wil.g uop
Y o v 0 0 0 £ 0¢ BWOIY]) S0 COIS %€ O3 %E0-IN %11 O 0 0 001 10 11 -UJAUJ
Wit
Y 0 v o 0 C0'0 ¢ 001 IBWOIYD 800 tOUV %E 1D %I1°0- 0D %S 0T I 6 0 ¢'1 0]
° wii.g D %LO- uon
Y o v 0 0 0¢ ST 0¢ sreydsoyy SO0 "O109d %t IN %11 -3d % 0C 001 O 0 0Z 6 ~UDAU]
X o X v~X 0 I'0 67 0OF¢ ~— 0 tOUVY %1 0D %1 - 94 %S1 0T 0 001 O CO0 8
X V X V~X 0 €0 0l 70 — 0 OLL %1 IN %1 -3 %1 0T 0 0 001 €0 L
X 0 X v~X I 0 0 ' 07 — 0 rOI1D%g %€ IN %C1 € 0 666 [0 20 9
X o X vV~X 0 0 ¢l 0 — 0 (OIS %T IN %T1 0T 001 O 0 1000 S
X \Y X v~X 100 O 0 €0 _— 0 COIZ %S o9d %¢1 0T 0 00l O 100 ¢
X \Y X vV~X — — — 0 — 0 OIS %S 3% %6t 0T 0 0 001 10 ¢
X o X b 't 0l € 0Of¢ — 0 COLL %€ 0D %E0-IN %I1 0T —_ - — 0 C Ew
-BIe
X \Y X X — — — 0 — 0 COIS %€ OD %E0-IN %11 0T — — — 0 1-9¥ -uoy)
Qoue IOUIINYPY Joue vudYPY d 1) uz NE\m pury NE\mE $30 ANE\MV 0D IN el | ANE\mv "ON
-1SISaY JUBISISOY -1S1S9Y dune|d (25 1M) junoury junowy -111eJ junowry (% M) junoury
$OIS01I0) 3191 A UOISOLIO)) 9, ueys 19Yyjo uonIs UONIS (2% M) uzZ uey) UONIS uon uoIs
Junuied payuedupy (Shuoswia|] Jo -oday ~oda(y Iay10 (Shuswag -odaqq -21JU30U0)) -odocy
1504 UONBIUIOUO)) wil,] UOISIIA JO uUonEIWIDIUOD 198e]
uonenjeAy 19A%e] Bune(d piyy, pilogPlauiiitlig’ 19A% ] June[d pucIas duneid 1514

(#) ¥y A14V.L



4,853,295

53

We claim:

1. A steel material having at least one lower plated
layer of material plated directly on the steel selected
from the group consisting of Zn, a Zn series alloy, and
a Zn composite material, an upper plated layer of mate-
rial selected from the group consisting of Fe, Ni, Co and
Fe-series alloy, and a chemical conversion layer inter-
posed between the upper and lower plated layers.

2. A steel material according to claim 1, in the form of

a sheet and having said plated layers on at least one

surface of said sheet.
3. A steel material according to claim 1, wherein said

chemical conversion layer is a phosphate layer formed
by phosphatizing.
4. A steel material according to claim 3, wherein said

chemical conversion phosphate layer is in an amount of

approximately 100 mg/m? or less in terms of P (phos-
phorous).

5. A steel material according to claim 3, wherein said
chemical conversion layer is a chromate layer formed
by chromating.

6. A steel material according to claim 3, wherein said

chemical conversion chromate layer is in an amount of

approximately 100 mg/m? or less in terms of Cr (chro-
mium).

7. A steel material according to claim 2, 3, 4, 5 or 6,
wherein at least one of said lower plated layers com-

10

135

20

25

30

35

45

30

35

05

54

prises a Zn series-alloy or Zn-composite material and
said upper plated layer comprises an Fe-series alloy
containing at least 70% by weight Fe.

8. A steel material comprising a lower plated layer of
a metal plated directly on the steel selected from the
group consisting of Fe, Ni and Co, an upper plated layer
comprising an Fe-series alloy containing at least 70% by
weight Fe, a middle plated layer comprising a Zn series
alloy or Zn-composite material between said lower and
upper plated layers and a chemical conversion layer
interposed between said middle and upper plated layers.

9. A steel material according to claim 8, wherein said
chemical conversion layer is a phosphate layer formed
by phosphatizing.

10. A steel material according to claim 9, wherein
said chemical conversion phosphate layer is in an
amount of approximately 100 mg/m? or less in terms of
P (phosphorous).

11. A steel matenal according to claim 9, wherein
said chemical conversion layer is a chromate layer
formed by chromating.

12. A steel material according to claim 9, wherein
said chemical conversion chromate layer i1s in an
amount of approximately 100 mg/m? or less in terms of

Cr (chromium).
- E * ® -
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